Background Reliable information about the prevalence of hypertension in different world regions is essential to the development of national and international health policies for prevention and control of this condition. We aimed to pool data from different regions of the world to estimate the overall prevalence and absolute burden of hypertension in 2000, and to estimate the global burden in 2025.
Introduction
Hypertension is an important worldwide public-health challenge because of its high frequency and concomitant risks of cardiovascular and kidney disease. 1, 2 It has been identified as the leading risk factor for mortality, and is ranked third as a cause of disability-adjusted life-years. 3 The prevalence of hypertension in various regions of the world has been widely reported; [4] [5] [6] [7] [8] [9] however, no information has been compiled for its prevalence and absolute burden around the world. Accurate estimates of the worldwide prevalence of this condition are essential as a source of primary information and for rational planning of health services. Measurement of the global burden of hypertension would allow international public-health policy-makers to assign sufficient priority and resources to its management and prevention.
National representative studies of the prevalence of this condition have been done in some countries, whereas in others, published data are from regional or local population-based samples. We aimed to pool data from population-based studies in different regions to estimate the overall prevalence and absolute burden of hypertension in the whole world and in various regions in 2000, and to estimate the global burden in 2025.
Methods
We searched MEDLINE using the medical subject headings "prevalence", "hypertension", "blood pressure", and "cross-sectional studies". The search was restricted to studies in human beings published from Jan 1, 1980 , to Dec 31, 2002 . We searched for additional studies manually using references cited in reviews and original study articles. Additionally, we searched the WHO Global Cardiovascular InfoBase. 10 Publications in another language were translated into English. Eligibility criteria for inclusion were: (1) population-based cross-sectional survey in which prevalence of hypertension (or data to calculate it) was reported; (2) methods for measurement of blood pressure were described; (3) hypertension was defined as an average systolic blood pressure 140 mm Hg or greater, diastolic blood pressure 90 mm Hg or greater, or use of antihypertensive medication; and (4) sex-specific and age-specific prevalence of hypertension was reported. If a national study was available for a country, we used its data. If not, we used data from the largest and most recent multisite or regional study. 18 national, three multisite, and nine regional studies met the eligibility criteria and were included in the analysis. All data were extracted independently by two of us (PMK, MW), with a standardised protocol and data-collection form.
Countries were grouped together into world regions according to the World Bank's World Development Report 1993: 43 countries with established market economies, mainly high-income members of the Organization for Economic Co-operation and Development; countries of the former socialist economies of Europe; Latin America and the Caribbean; China; India; the middle eastern crescent; other Asia and islands; and sub-Saharan Africa. The criteria used by the World Bank to define these regions include socioeconomic development, epidemiological homogeneity, and geographical proximity. 43 For countries without valid estimates of prevalence (n=163) or standard error, we applied data from the country within the same world region with the most similar gross national income per capita. This characteristic was chosen as an indicator of hypertension risk among countries because it is the method used by the World Bank to classify economies, 44 and previous reviews have reported a positive association between this value and prevalence of hypertension. 45, 46 Not all studies provided data for the full age range under consideration (20 years and older). For each of the 17 studies with missing age ranges, we did logistic regression analysis using Stata 47 to estimate the relation between age and probability of having hypertension. The predicted probability from the model was used as an estimate of the missing age-specific prevalence so that all age-groups of interest, from 20-24 years to 80 years and older, could contribute to the analysis. We tested the fit of the logistic model by applying the model to the six national studies in both economically developed and developing countries that reported the prevalence of hypertension for the complete age range, 20-80 years and older. The goodness of fit was tested by Pearson's 2 statistic with 12 degrees of freedom, and was good (all p values >0·15) except for Venezuela, where large age groupings were used.
Studies that met the inclusion criteria provided population data for the prevalence of hypertension for six of seven regions. No study from the former socialist economies met all criteria for inclusion; however, a large population-based study from Slovakia, 23 a country within this region, reported age-specific prevalence of hypertension, defined as average systolic blood pressure 160 mm Hg or more, diastolic blood pressure 95 mm Hg or more, or use of antihypertensive medication. We used a conversion factor derived from the English National Hypertension study, 15 in which estimates of hypertension frequency were reported for both the 140/90 mm Hg and 160/95 mm Hg cutoffs, to estimate the frequency of hypertension in Slovakia according to the blood pressure criteria necessary for inclusion in our analysis. 15 This factor was applied with ratios calculated separately for men and women within each 5-year age-group.
Although no national study has investigated the prevalence of hypertension in India, five regional studies met the inclusion criteria. [24] [25] [26] [27] [28] Three rural studies were initially combined, as were two urban studies, weighted by the proportion of the population of India in the region of the study. The pooled urban and rural data were then combined, weighted by the proportion of the total population that resides in urban and rural areas, respectively. Similarly in Cameroon, rural and urban studies were combined, weighted by the proportion of the total population that resides in rural and urban areas. 39, 40 
Statistical analysis
The prevalence of hypertension within all selected studies was standardised by age to the 1990 world population 48 separately for each sex by the direct method to allow comparison of prevalence in individual studies. 49 Crude prevalences of sex-specific and age-specific hypertension for each country were applied to the WHO sex-specific and age-specific population counts in 2000, and to projections of the expected number of adults in that country for 2025, to estimate the number of people with hypertension in the country for each sex and age-group in each year. The estimates for 2025 were based on the projected changes in size and age composition of the population, and did not include an estimate of changes in incidence of hypertension. The total number of people with hypertension in every country was estimated for men and women separately. The totals from every country in a region were summed to provide an estimate of the total number of people with hypertension in that region, and the numbers from each region were added to obtain worldwide counts. region for 2000 and 2025 were calculated by dividing the total number of people with hypertension within every region by the total number of individuals in that region. We estimated worldwide prevalence by dividing the total number of people with hypertension worldwide by the total adult world population. SEs for the prevalences were taken from those studies that reported them. For the remaining studies, SEs were estimated as the square root of ([prevalence of hypertensionϫ(1-prevalence of hypertension)]/sample size in the survey). The SE of the number of people with hypertension within a region and worldwide was then estimated with Taylor series approximation methods. These calculations were done separately for the populations in 2000 and 2025, and were used to provide 95% CIs.
Role of the funding source
The sponsor of the study had no role in study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.
Results
The number of participants per study ranged from 665 to 484 185 (table 1) . The standard mercury sphygmomanometer was the most common device used to measure blood pressure. Apart from three studies, blood pressure was measured at least twice per visit. Three studies measured blood pressure at two visits, and the remaining studies measured it on a single occasion. Table 2 shows crude and age-adjusted prevalence of hypertension for each study; figure 1 A m e r ic a a n d t h e C a r ib b e a n M id d le e a s t e r n c r e s c e n t O t h e r A s ia a n d is la n d s S u b -S a h a r a n A f r ic a women the highest estimated prevalence was in the former socialist economies. The lowest estimated prevalence of hypertension for both men and women was in the region "other Asia and islands". Between 2000 and 2025, the worldwide prevalence of hypertension was predicted to increase by 9% in men and 13% in women because of projected changes in the age distribution of the population. Specifically, a larger proportion of the world population is expected to be older by 2025. The relation between sex and prevalence of hypertension varied by world region; four regions had higher prevalences in men and four had higher prevalences in women. The absolute differences between estimated prevalences in men and women were small; the greatest discrepancy was in "Latin America and the Caribbean", with a difference of 5·9%. The sexspecific and age-specific prevalences indicate that the overall similarity masks an interaction between sex and age (table 3). At young ages the prevalences of hypertension were higher in men than in women, whereas in older people they were higher in women than in men. Figure 2 shows estimates of the absolute number of individuals with hypertension in different world regions. The estimated total number of people with hypertension in 2000 was 972 million (95% CI 957-987 million); 333 million (329-336 million) in economically developed countries, and 639 million (625-654 million) in economically developing countries.
The region with the greatest estimated number of people with hypertension was the established market economies. However, both economically developed and developing regions had many people with hypertension, and about two-thirds of the total were in developing regions. The number of adults with hypertension was projected to increase by 60% to a total of 1·56 billion (1·54 billion-1·58 billion) in 2025. Most of this rise can be attributed to an expected increase in the number of people with hypertension in economically developing regions. Although the number of people with hypertension in economically developed countries was projected to increase by 24% from 333 million to 413 million (409-418 million), a rise of 80% was predicted for economically developing countries from 639 million to 1·15 billion (1·12-1·17 billion). On the basis of these estimates, almost three-quarters of the world's hypertensive population will be in economically developing countries by 2025. 18·8%  8·5%  26·8%  11·2%  10·5%  11·1%  10·5%  10·8%  30-39  19·9%  28·6%  14·9%  30·5%  14·4%  15·9%  13·6%  23·0%  17·1%  40-49  32·6%  34·2%  24·9%  41·6%  26·2%  22·7%  17·8%  39·1%  26·4%  50-59  45·0%  42·0%  32·7%  64·6%  37·3%  34·5%  24·8%  48·6%  36·1%  60-69  58·7%  54·0%  39·9%  67·4%  46·7%  43·5%  30·9%  58·0%  46·0%  у70  71·3%  64·9%  51·0%  72·9%  51·5%  53·4%  34·5%  58·8%  57·1%  Women, 2025  Age (years)  20-29  5·5%  3·2%  7·2%  16·2%  5·1%  5·4%  7·1%  10·1%  6·8%  30-39  9·1%  10·0%  13·4%  24·4%  12·1%  9·6%  8·5%  22·9%  12·4%  40-49  23·4%  29·2%  23·4%  43·0%  28·2%  18·7%  15·3%  40·2%  23·7%  50-59  42·4%  46·2%  32·9%  55·6%  48·6%  33·0%  26·2%  50·8%  37·0%  60-69  60·3%  76·0%  42·3%  60·9%  60·7%  43·7%  31·4%  61·5%  50·3%  у70  80·6%  92·2%  58·0%  69·1% 67.8% 59·9% 33·7% 62·5% 66·8% Table 3 : Age-specific rate of hypertension by world region
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Articles Discussion
Our analysis indicates that more than a quarter of the world's adult population-totalling nearly one billion-had hypertension in 2000, and that this proportion will increase to 29%-1·56 billion-by 2025. It also suggests that men and women have similar overall prevalence of hypertension, and that such prevalences increase with age consistently in all world regions. A particularly high prevalence of hypertension was reported in Latin America and the Caribbean, and other Asia and Islands had the lowest prevalence. The estimates in our analysis are limited by several factors. In most studies, blood pressure was measured on only one visit and the prevalence of mild hypertension might therefore have been overestimated.
The projections for 2025 are based on the assumption that the country, age, and sex specific prevalence estimates will remain constant. Little information is available about trends for the incidence and prevalence of hypertension. Existing data suggest that the prevalence of hypertension has remained stable or decreased in economically developed countries during the past decade, and has increased in economically developing countries. 50 Furthermore, the prevalence of hypertension in some economically developed countries might be increasing. 34, 51 Thus overall, our assumption probably resulted in an underestimate of the true prevalence of hypertension by 2025. Finally, the methods that we used to estimate the variance of absolute numbers and prevalence of hypertension were conservative. Therefore, the CIs could be smaller than those we report.
The high prevalence of hypertension worldwide has contributed to the present pandemic of cardiovascular disease. During the past century, such disease has changed from a minor cause of death and disability to one of the major contributors to the global burden of disease. 52 Cardiovascular diseases are now responsible for 30% of all deaths worldwide. 53, 54 The rapid rise in the mortality of cardiovascular disease over a fairly short period is attributable mainly to changes in environmental risk factors, such as diet and physical activity. 55 Our findings also indicate that hypertension is a greater population burden in economically developing rather than developed countries. Although hypertension is more common in economically developed countries (37·3%) than in economically developing ones (22·9%), the much larger population of developing countries results in a considerably larger absolute number of individuals affected. Moreover, our projection of the number of people with hypertension for 2025 is probably an underestimate since it does not account for the rapid A m e r ic a a n d t h e C a r ib b e a n M id d le e a s t e r n c r e s c e n t O t h e r A s ia a n d is la n d s S u b -S a h a r a n A f r ic a changes in lifestyle and concurrent increase in the risk of hypertension that is taking place in these countries. 56, 57 Not only does hypertension affect more people in economically developing than developed countries, but onset of cardiovascular disease is also at an earlier age in developing countries. 58 In 1990, the proportion of deaths from cardiovascular disease before age 70 years was 46·7% in economically developing countries compared with 26·5% in developed countries. 56 The magnitude of the burden of hypertension in both developed and developing countries contributes to predictions of a worldwide epidemic of cardiovascular disease. 59 Hypertension is important not only because of its high frequency but also because it is a major modifiable risk factor for cardiovascular and kidney disease. However, hypertension is only one of several proven major modifiable risk factors for cardiovascular disease. 60 In combination, these factors provide a powerful means of predicting risk and preventing disease and death. 61 A comprehensive approach is needed that focuses on several inter-related risks to health, including hypertension, high LDL and low HDL cholesterol concentrations, tobacco use, high body-mass index, physical inactivity, poor diet, and diabetes mellitus. 62, 63 The coordinating committee of the US National High Blood Pressure Education Program 61 has recommended a combination of population-based and intensive targeted strategies for primary prevention of hypertension. Interventions that have proven effective include weight loss, reduced intake of dietary sodium, moderate alcohol consumption, potassium supplementation, modification of eating habits, and increased physical activity. 61 These lifestyle changes also have a positive effect on other cardiovascular risk factors such as obesity and type 2 diabetes mellitus. Secondary prevention efforts entail detection, treatment, and control of hypertension. Although improvements have been made in detection and treatment in some countries, worldwide rates of control remain far from adequate. 50 Interventions to reduce the burden of cardiovascular disease have been successful in Europe, North America, Australia, and New Zealand, and have substantially decreased age-adjusted cardiovascular mortality. 64 Personal and non-personal health-service interventions have proved cost effective at both regional and global levels. 65 Although personal health-service strategies have greater potential to reduce the burden of disease, they are less cost effective than population-wide ones. 65 The availability of analyses of cost-effectiveness allows key decision-makers to establish the most appropriate interventions with the available resources. In economically developing regions where health-care resources are especially scarce, investment in populationbased primary prevention strategies could yield the greatest benefit.
The magnitude of the burden of hypertension needs not only an increase in awareness, treatment, and control of this condition, but also concerted efforts that target primary prevention. Changes in the lifestyles of the general population, would result in a lower prevalence of hypertension.
